vascular formation include bacterial lipopolysaccharide (LPS), vascular endothelial growth factor and fibroblast growth factor (FGF) (Folkman & Klagsbrun 1987) . The role of angiogenesis in leprosy and its associated reactions remains unclear (Antunes et al. 2000 , Bhandarkar et al. 2007 ). The regular histopathological examination of ENL samples has revealed the apparent involvement of the vasculature (oedema and angiogenesis) in the surrounding inflammatory infiltrate of the deep dermis, which is consistent with the vascular alterations that Antunes et al. (2000) and Bhandarkar et al. (2007) observed in the lepromatous pole of the disease. This study aimed to quantitatively characterise the angiogenic process in type II leprosy reactions.
We attempted to establish both the histopathological characteristics and clinical relevance of EM-like lesions during the course of progressive leprosy in 27 patients who presented with EM-like lesions during their clinical follow-ups. The immunoreactivity of the reactional cutaneous lesions for immunological markers provides information about the immune response in this type of reaction and identifies the possible differences between this atypical type II reaction and classical ENL.
If the EM-like clinical presentation is an uncommon variant of the manifestation of the type II leprosy reaction, then its early diagnosis will be crucial for applying prompt anti-reaction therapy, thus preventing the disabilities caused by the peripheral neuropathy that often complicates these episodes. -From 1996 -From -2006 leprosy patients (LPs) (22 men and 5 women, aged 21-67 years) who visited the leprosy outpatient unit of the Oswaldo Cruz Foundation (Fiocruz), Rio de Janeiro, Brazil and who presented with EM-like lesions were enrolled in the study. The patients were classified according to the Ridley and Jopling (1966) criteria. Eight of the patients (30%) presented with EM-like lesions without a previous diagnosis of leprosy and 19 patients were MB patients, who were actively undergoing treatment (10 LL and 9 BL). The bacterial index (BI) ranged from +3 to +5. After the patients provided written, informed consent, a 6 mm-punch biopsy was obtained from a plaque or an iris lesion for diagnostic purposes in accordance with the Fiocruz Ethical Committee guidelines.
SUBJECTS, MATERIALS AND METHODS

Patients and tissue specimens
The skin samples were divided into two parts; one part was fixed in a 10% neutral buffered-formalin and paraffin-embedded and the other was snap-frozen in liquid nitrogen, embedded in OCT compound and stored in liquid nitrogen at -170º C until further use (Tissue Tek, Miles Lab, USA).
Previously studied immunohistological markers in a group of ENL samples that were collected from other LPs were compared with the EM-like sample results. The results of the immunohistochemical procedures are shown in Table I .
Specific chemotherapy (MDT-WHO) for MB leprosy was neither interrupted nor introduced during the study. The MDT consisted of supervised monthly doses of rifampicin (600 mg) and clofazimine (300 mg) together with self-administered, daily doses of dapsone (100 mg) and doses of clofazimine (100 mg) every other day over a consecutive 12 or 24-month period. Thalidomide (400 mg/day) was used to treat the EM-like events. Prednisone (1 mg/kg/day) was administered to seven patients given that their clinical symptoms persisted after one week of thalidomide treatment. Two female patients were satisfactorily treated with 1.200 mg/day of pentoxifylline. The participants received no further medication and none terminated treatment.
Histopathology -The formalin-fixed specimens were serially cut into 5 µm-thick sections and stained with haematoxylin-eosin, Wade's stain for acid-fast bacilli, Gomori's trichrome stain and Weigert's stain for elastic fibres. Table II shows the evaluated morphological parameters. In all cases, two patients experienced EM-like lesions, as diagnosed by dermatologists. The clinical diagnoses were confirmed by histopathology.
Immunohistochemistry -Frozen samples were serially cut in a cryostat, applied to silane-coated glass slides and stained using an avidin-biotin-peroxidase method, as previously described . Briefly, the sections were fixed in cold acetone and sequentially incubated with methanol-H 2 O 2 to block the endogenous peroxidases, followed by incubation with a 10% normal horse serum (Vector Laboratories, USA) and then with the monoclonal antibodies listed below for 60 min. In sequence, the sections were first incubated with biotin-conjugated horse anti-mouse IgG for 30 min and then with the avidin-biotin-peroxidase complex (Vectastain ABC kit, Vector Laboratories, USA) for another 30 min. Between the incubation periods, the slides were thoroughly washed with phosphate buffered saline (PBS), pH 7.4. The reactions were developed using amino-ethyl-carbazole (AEC, Sigma, USA), counterstained with Mayer's haematoxylin and analysed with an optical microscope using a semi-quantitative method. As a control, the primary or secondary antibody was omitted. Moreover, to investigate the evolution of the immunological activation markers, the skin biopsies were sequentially studied in the following three distinct situations: (i) at the time of diagnosis, (ii) during the reaction (EM) and (iii) after the reaction lesions subsided (2 months after each episode).
Antibodies -The following primary monoclonal antibodies selected for this study were diluted in PBS pH The quantification of immunoreactive cells -The quantification of the immunoreactive cells was performed according to the following protocols using an 40X objective lens and a pair of 10X ocular lenses: (i) the per cent of immunoreactive cells found in 200 cells was determined for CD3, CD4, CD8 and TNF, (ii) the per cent of immunoreactive cells for HLA-DR in the epidermis was assigned as "+" when only the Langerhans cells were labelled, "++" when 30-70% of the epidermal cells were immunopositive and "+++" when more than 70% of the cells were immunoreactive, (iii) the total number of immunoreactive cells in the epidermis was counted for CD1 in the epidermis and the average number of immunoreactive cells per field of examined in the upper dermis was counted for CD1 in the dermis and (iv) for ICAM-1, the immunostaining values were assigned as "+" when the epidermal basal cells were stained and "++" when the immunolabelled cells were detected throughout the other epidermal layers.
Computer-assisted morphometric analysis -Formalin-fixed specimens were cut for this study and stained with anti-factor VIII (1:20) from the DAKO Corporation, without counterstaining. Two-three microscopic fields (10X objective) were captured from each section that included both the superficial and the reticular dermis. The stained vessels were counted and measured using a semi-automated quantitation function of the ImagePro plus 4.0 software. The data were saved in an ASCII file and analysed using the statistical software MicroCal Origin 5.01 (MicroCal Software Inc USA). The analysed parameters included the total number of vessels and the area that they occupied. The Wilcoxon paired test was used to evaluate the significance of the differences between the means of the measured vessels before and during the reactions. The Mann-Whitney non-parametric test for two independent groups of samples was applied to compare the quantification of the immunoreactive cells of the EM-like and the ENL groups; p-values < 5% were considered statistically significant. Statistical analysis was performed with the R Program.
RESULTS
The 27 patients in this study were selected over a 10-year period at a reference centre for leprosy. Although its actual incidence is impossible to determine, the EMlike episode frequency rate in the 600 type II reaction episodes that were diagnosed at this centre during the period of study was 4.5% (27 patients). Eight patients in our study (30%) presented with EM-like lesions as the first manifestation of leprosy, which was diagnosed by a positive BI and by the presence of fragmented acid-fast bacilli (AFB) in the biopsies. Eleven patients (40%) were still undergoing MDT treatment and 30% (n = 8) developed EM after being discharged. Eighty-one per cent of the patients undergoing treatment, as well as post-treatment patients, had suffered previous ENL reactions, but only nine patients presented with concomitant ENL during the EM-like episodes studied.
Eighteen patients (66.6%) presented with typical vesico-bullous target lesions, whereas the other diagnosed patients presented with various skin erythematous patches, plaques, papules and ulcers (Fig. 1A, C) .
Twenty-one patients (77.7%) reported or exhibited other reaction episodes in their evolving clinical history. Five patients (18.5%) reported no reaction episode up to the clinical presentation of the EM-like lesions (Table III) .
The skin samples taken from the EM-like lesions invariably exhibited a slight to moderately thickened epidermis with up to 12 layers of keratinocytes, among which spongiosis and exocytosis were mild but regularly occurring (Fig. 1B, D) . Unexpectedly, a small number of unevenly distributed apoptotic cells were observed in these cases.
Histological examination revealed the presence of subepidermal bullae in four cases. In all of the other cases, a mild-to-prominent oedema was observed in the superficial dermis in association with a cellular infiltration of predominantly lymphocytes and neutrophils (Fig. 1B,  D) . This cellular infiltration was sparse and limited to the perivascular region within the hypodermis. Foamy macrophages carrying fragmented bacilli were apparent in all of the cases, ranging from numerous in untreated patients to sparse in patients who were released from treatment. The nerve bundles invariably exhibited a number of histological changes, particularly the thickening of the perineurium, infiltration by inflammatory cells and the presence of AFB.
The histological features were particularly well correlated to the clinical aspects of the lesion selected for the biopsy. The oedema in the superficial dermis was prevalent in the "iris" or clinically bullous lesion samples and the inflammatory infiltrates occupied more than 70% of the biopsy area. Conversely, the oedema was mild and the percentage of the dermis that was occupied by the cellular infiltrate was moderate (occupying between 30-70% of the entire section area) when elevated papules or plaque lesions samples were examined. The infiltrates were sparse, surrounding microvessels and occupied less than 30% of the section area, in patch lesion samples (Fig. 1) .
Vascular changes were apparent in all cases, with the most common altered features as follows: (i) angiogenesis (85.1%), (ii) dilation (81.4%) and congestion (66.6%) of the lymphatic vessels, (iii) inflammatory cells (predominantly lymphocytes) encroaching on the wall (88.8%), (iv) disruption of the elastic layer within the arterioles (50%), (v) the presence of polymorphonuclear leukocytes surrounding, but not within the wall (96.2%), and (vi) the occlusion of the lumen by fibrin or hypertrophic endothelial cells (51.8%) and AFB within the wall (37%). Fibrinoid degeneration and thrombosis were not detected in our examinations ( Fig. 2A, B) .
HLA-DR, ICAM-1, CD1a + cells, CD3, CD4/CD8 ratio and CD68 levels were analysed in 10 EM biopsies (Fig. 1E-H) . Five EM-like biopsies demonstrated intense HLA-DR labelling (+++), three were moderate (++) and two were slight (+) in the epidermis. ICAM-1 immunoreactivity of the keratinocytes was confined to a few foci within the basal layers of the six samples (+), whereas immunoreactivity was observed within the suprabasal layers of the epidermis in four samples. In six patients, these sites coincided with the presence of grouped CD3 + T-cells within the epidermis (Fig. 1H) . The mean CD4/CD8 ratio was not significantly different between the ENL and the EM groups (p < 0.45).
Although the mean Langerhans cell (LC) count varied considerably among all of the cases studied from 2.1-13.2 (Fig. 1E ), no significant difference was detected between the ENL and the EM groups (p < 0.9). Within the dermis, the LCs were predominantly localised proximal to the blood vessels within the upper dermis and their total number varied depending on the density of the epidermal LCs. A significant influx of inflammatory cells was observed in the EM and the ENL lesions, which consisted of neutrophils and CD3 + T-cells. In addition, 
CD4 + T-cells predominated over CD8
+ cells in all of the cases, many infiltrating cells were likely macrophages, as they were immunolabelled by anti-TNF monoclonal antibodies. Moreover, in all of the cases, the infiltrating cells were likely macrophages, as they were immunolabelled by anti-TNF monoclonal antibodies. Although this staining was faint and diffuse (+) in two of the EM cases, the immunoreactivity was strong in other four cases. The comparison of the quantity of immunoreactive cells in the EM-like and ENL groups is summarised as follows: CD1 + cells in the epidermis of the EM-like lesions = 5.5 ± 4.0 -ENL = 6.2 ± 3.1 (p < 0.3), CD1
+ cells in the dermis of the EM-like lesions = 6.4 ± 5.2 -ENL = 7.7 ± 5.4 (p < 0.4), CD4/CD8 ratio of the EM-like lesions = 1.5 ± 0.5 -ENL = 1.4 ± 0.2 (p < 0.9), TNF + cells of the EM-like lesions = 2.2 ± 0.8 -ENL = 1.8 ± 0.7 (p < 0.4), HLA-DR + cells of the EM-like lesions = 2.3 ± 0.8 -ENL = 1.5 ± 1.2 (p < 0.16) and ICAM-1 + cells of the EM-like lesions = 1.4 ± 0.5 -ENL = 1.0 ± 0.6 (p < 0.6).
A comparison of sequential skin samples taken from one EM patient before, during and two months after the reaction subsided revealed that the reaction lesion differed from the pre and post-reaction biopsies in the extent of HLA-DR expression, the number of LCs within the epidermis and the dermal CD4/CD8 ratios. All of these values increased in the reaction biopsies and decreased afterwards (data not shown).
The quantitative evaluation of the blood vessels by morphometric analysis was performed in six biopsy spec- showing dissociation of the wall by oedema and inflammatory cells, mainly lymphocytes, without fibrinoid degeneration (H&E: 40 µm) (insert: Gomori' strichrome); B: disruption and thickening of elastic layer (arrows) and inflammatory infiltration in the wall of venules (Weigert' sorcein, 65 µm); C: angiogenesis is significantly increased in EM-like lesions when compared to the biopsy taken for diagnosis purpose (before reaction) and two months after the reactional sample.
imens that were measured before and during the reactions. The results differed between the skin samples that were taken from the same patients before the treatment and after the reaction subsided. The median value for the number of vessels per square millimetre (mm 2 ) varied from 0.444 before treatment to 0.761 during the reaction (p < 0.05). Similarly, the areas occupied by the vessels ranged from 0.878% before treatment to 1.671% during the EMlike episode (p < 0.05) (Fig. 2C) . The mean number of vessels exhibited statistically significant differences (p < 0.03) and the mean area occupied by the vessels exhibited a borderline significance (p < 0.06). These tests were performed using the data from six patients who were evaluated before and during the reactions.
DISCUSSION
To date, this study reviews the largest series of leprosy cases presenting EM-like reaction episodes (27 patients) and the data obtained suggest that ENL and EM might represent variants of type II reactions provoked by variations of a common pathogenic mechanism of leprosy reactions. In one patient, one possible causative agent (a cowpox vaccine) was administered a few days prior to the onset of the reaction episode. The literature does not report that MDT drugs are associated with the initiation of EM reactions. However, we cannot exclude the possibility of self-administered drugs as causative agents in the patients in our studies, despite the absence of such drug usage in the patient histories.
Depending on the patient stage (diagnosis, treatment and post-discharge), the frequency of EM-like reactions was similar to that observed for the incidence of ENL in lepromatous patients (Pocaterra et al. 2006) .
The LPs presenting with reactional EM-like lesions lacked mucosal and plantar/palmar lesions and the histopathological examination of the lesions revealed a low incidence of apoptotic cells. Both of these features are commonly observed in EM lesions that are unrelated to leprosy (Fritsch & Maldonado 1999) . Our histopathological examination did not reveal regularly occurring bullae, a finding that may be attributed to the fact that we sampled bullous lesions from the border regions, but not from the fully developed central areas. This approach avoided epidermal detachment and shifting during the process.
The findings concerning the vascular changes observed in EM-like lesions are similar to those already described in the hypodermis within the ENL lesions and suggest that dermal microvessels (primarily capillaries and venules) represent relevant targets in the EM-like lesions and in the ENL lesions during the pathogenesis of leprosy.
The clinical and histopathological differences between the ENL and the EM-like reactions suggest that a mediator is somehow activated, which could induce increased vascular permeability within the superficial dermis, thus accounting for the subepidermal oedema and occasional bullae formation in the EM-like lesions.
The immunohistological profile displayed a transient increase in CMI, such as increased CD4/CD8 ratios, increased expression of ICAM1, HLA-DR, TNF and increased numbers of LCs. This pattern has also been previously reported in ENL samples by our group and others (Thangaraj et al. 1988 , Sullivan et al. 1991 , Miranda et al. 2007 ). However, no differences in immunological activation between classical ENL and the EM-like episodes could be detected by the markers that were employed in this study.
The increased expression of immunological activation markers found in this investigation are consistent with Modlin et al. (1986) , who found an increase in the cell-mediated immune response with increased levels of interleukin (IL)-2 and of IL-2 receptor (Tac) in ENL. Furthermore, recent studies on the immunoregulation of the CMI in ENL patients receiving thalidomide treatment revealed that a complex immunostimulatory action was exerted by the t-helper (Th)17 cells (Martiniuk et al. 2012) . This stimulation occurred during the recovery from the reaction symptoms. According to the authors, the effectiveness of thalidomide used in the treatment of ENL lesions was associated with the upregulation of immunostimulatory cytokines (IL-21 or IL-17C) as well as RORγT and aryl hydrocarbon receptor nuclear translocator, which are Th17 transcription factors. In contrast to the enhanced immune activity, thalidomide also increased the levels of FoxP3 + /CD4 + /CD25 + Treg cells, which are a subset of immunoregulatory T-cells. Therefore, the ENL recovery induced by thalidomide resulted from a balance of immunostimulation and immunoregulation, a "yin and yang" role of the Th17 cytokines.
Th17 cells are involved in the crosstalk between neutrophils in psoriasis; speculatively, they might play a role in the neutrophil infiltration that occurs in ENL lesions (Pelletier et al. 2010) . γδ T-cells are reportedly the source of IL-17 in chronic inflammatory autoimmune diseases (Cai et al. 2011) .
Transforming growth factor-β and the inducible NO synthase were reported to be associated with type 1 and type 2 reaction episodes (Lockwood et al. 2011) and were proposed as prognostic tissue indicators of leprosy reactions. Souza et al. (2012) reported a genetic polymorphism of IL-6 that is associated with the susceptibility of LPs to type II reactions. The diversity of mediators involved in the reaction episodes and the minor but critical differences between the distinct types of reactions (e.g., EM-like episodes and ENL) make the immunopathogenesis of type I and type II leprosy reactions a complex issue. Determining the precise contribution of each mediator to the final clinical presentation of the specific reactional episode remains a challenge.
The morphometric analysis of angiogenesis has revealed the presence of increased numbers of vessels in the active EM-like lesions compared to the skin before the reaction episode and after the remission of the lesion. This result is consistent with the frequent observation of prominent vascular involvement in the type II reactions.
Some patients who have persistent EM attacks that are apparently unrelated to leprosy have exhibited positive responses to thalidomide (Cornejo-Mir et al. 2003) . Recent findings concerning the pharmacological actions of thalidomide, a drug used to generally treat type II reactions, support its potential use in the treatment of EM. Apart from its immunoregulatory and immunostimula-tory role (Martiniuk et al. 2012) , thalidomide can act in pre and post-transcriptional manners. It can interfere with angiogenesis and with the transcription factor binding to the bFGF gene promoter and it also diminishes the halflife of TNF RNA, attenuating the effects of this important inflammatory cytokine (Moreira et al. 1993 (Moreira et al. , 1999 .
The findings from the 27 cases presented in this study can guide clinicians in making a differential diagnosis of EM lesions, particularly in patients from countries in which leprosy is endemic. The clinical appearance and the histological findings supported the diagnosis of EM in all of the cases, although important characteristics of this syndrome were not found in LPs. This factor is particularly important for those clinicians who do not routinely treat LPs. Pathologists should be familiar with the morphological aspects of this disease and should examine the biopsy specimens and skin smears for evidence of leprosy whenever EM is suspected. The profile of immunological markers and the increased angiogenic pattern observed in the histological sections of the cutaneous lesions suggest that EM-like lesions might represent a variant or a concomitant event that occurs during the type II reactions. In this study, it was impossible to determine the exact association of the EM-like episodes reported with ENL.
Despite the low incidence, the actual prevalence of EM-like lesions within the entire leprosy population of patients is difficult to determine, as public leprosy reference centres have biased the incidence of leprosy complications. Moreover, there is a lack of detailed assessments of the cases that have been diagnosed as EM. In conclusion, the appearance of EM-like lesions might indicate an on-going type II reaction in LPs; moreover, it may be the first clinical manifestation of undiagnosed leprosy.
